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Poultry Ethics Committee on Animal Utilization to ensure compliance with 124 international guidelines for animal welfare. The TT reference population used for this study was generated from an Embrapa 128 broiler line called TT. The TT line has been under selection since 1992, for many 129 generations and several traits, with the goals to increase body weight and carcass yield, 130 improve viability, fertility, hatchability, feed conversion, and reduce abdominal fat 131 (Rosário et al. 2009 ). The TT Reference Population is an expansion of the TT line and 132 was developed from crossing 20 males and 92 females (1:5) in five hatches, yielding 133 approximately 1,500 chickens (Cruz et al. 2015; Marchesi et al. 2017) . From this 134 population we selected 237 offspring and 37 parental chickens (12 males and 25 135 females) for target sequencing. The offspring were selected based on the following 136 criteria: (1) descendent of one of the 14 parental males that we have the whole genome 137 sequencing data; (2) from families that have between 5 to 7 animals; (3) hatched on the 138 first three incubations. 139 140 Phenotype measurement 141 Blood samples were collected for DNA extraction during the bleeding. After bleeding 143 feathers were removed mechanically following a hot water bath (60ºC for 45 s). The 144 carcass cuts as breast weight (BTW), thigh weight (THW), drumstick weight (DRW) 145 and abdominal fat weight (ABFW) were individually measured in grams. Drumstick 146 yield (DR%), abdominal fat yield (ABF%), thigh yield (TH%) and breast weight (BT%) 147
were estimated as a percentage of live body weight at 42 days of age (BW42). More 148 details about the slaughter and phenotypes measurements are available at (Venturini et 149 al. 2014; Cruz et al. 2015) . 150 151 SNPs selection and custom amplicon design 152 Predicted deleterious SNPs were selected from whole genome re-sequence data 153 previously generated from 14 of the 37 parental animals of the population used in this 154 study (TT Reference population). Sequences were generated with an Illumina HiSeq 155 and SNP identified using SAMtools v.1.2 software (Li et al. 2009 Where y is the vector of observations for the measured phenotype; X is the 220 incidence matrix relating the fixed effects to y; β is the vector of fixed effects, which 221 included sex and incubation; W is the genotype matrix (coded as 0, 1 and 2; 0 and 2 for 222 homozygous and 1 for heterozygous) for all 20 deleterious SNPs and a is the vector of 223 SNPs fixed effects. Z is the incidence matrix relating u to y; u is the vector of the family 224 random effect; and e is the vector of residual effects. For the weight traits, BW42 was 225 used as a covariate. Association was considered significant at p-value < 0.05 for the F 226
test. 227
Orthogonal contrasts were used to compare the mean performance of one 228 homozygote against another and to estimate additive and allelic substitution effects. 229
Similarly, dominance effect was estimated through the orthogonal contrast of the mean 230 performance of the heterozygote against the mean performance of both homozygotes. 231
These analyses were performed under the same linear model detailed above with Proc 232
Mixed Procedure on SAS 9.4 Studio online platform, considering the SNPs that 233 presented the three genotypes (0, 1 and 2). Estimates and contrasts were set based on the 234 methodology defined by Falconer and Mackay (1996) . Effects were considered 235 significant for p-value < 0.05 in the F test. 236 237
Data availability 238
Data and reagents are available upon request. Table S1 contain the characterization of 239 genomic windows identified in genome wide association analysis. 240
241

RESULTS
242
Phenotype measures 243
The summary statistics for BW42, THW, TH%, ABFW, ABF%, DRW, DR%, 244 BTW and BT% are given in Table 1 . 
251
SNP selection and amplicon design 252
The whole genome re-sequencing from 14 parental chickens of the studied meat-253 type population identified approximately 11 million SNPs across the genome, and after 254 functional annotation 4,708 of them were predicted as deleterious SNPs. As the result of 255 the overlap between these 4,708 SNPs and the six selected genomic windows identified 256 in GWAS, 89 predicted deleterious SNPs were kept for the further analysis. After Functional annotation was performed for the 195 SNPs. As shown in Table 2 , 29 268
SNPs were annotated as novel variants. From the 195 SNPs, 26% were in intronic 269 regions, 20% were classified as missense and 14% were synonymous variants. 270
As already mentioned, missense SNPs can be predicted as deleterious or 271 tolerated based on its SIFT score (Ng and Henikoff 2003) . In our study, from the 56 272 missense SNPs identified, 26 were classified as tolerated, 21 as deleterious, and 9 had 273 no prediction (Table 2) . 274 275 
289
Detailed information of the 20 predicted deleterious SNPs (genome position, 290 SNP ID, located gene, alleles and genotypes frequencies, HWE test and SIFT score) is 291 presented in Table 3 . Two SNPs did not have rs ID, and four genes were considered as 292 novel genes, therefore, the ensemble gene ID was also presented. Seven SNPs did not 293 have any animal genotyped with the alternative homozygous, and five SNPs were 294 significant for HWE test. 295 
298
Association analysis, additive and dominance effects 300
Of the 20 predicted deleterious SNPs studied, six were significantly associated (p-301 value<0.05) with at least one carcass trait. Three SNPs (rs737797683, rs313532967 and 302 rs741234600) were associated with breast traits; another three (rs739508259, rs312325687 303 and rs741234600) were associated with thigh traits; and one SNP (rs736010549) was 304 associated with drumstick weight. No SNP was associated with abdominal fat traits. Detailed 305 results for all association tests (p-values) are presented in Table 4 . 306 
311
Additive and dominance effects were estimated only for associated SNPs that 312 presented the three genotypes, consequently rs741234600 was not considered in these 313 analyses. We deemed significant effects with p-value <0.05. Allele substitution effect test was 314 performed only for significant additive effects (Table 5 ). Additive and allele substitution 315 effects for rs739508259 and rs312325687 associated with THW and TH% were significant. 316
Additive and dominance effects for rs736010549 associated with DRW and DR% were 317 significant, but not for allele substitution test. 318 
DISCUSSION
322
The identification of genetic markers associated with carcass weight and yield traits 323 has been the focus of several studies due to the economic importance of these traits in broiler 324 production. With the main goal of finding putative causal mutations for carcass traits, this 325 study selected predicted deleterious SNPs present in QTLs regions to be evaluated as potential 326 causal mutations in our TT Reference Population. 327
The SNP rs739508259 is located in the von willebrand factor A domain containing 8 328 (VWA8) gene and within the GGA-1 at 166 Mb genomic window identified in the GWAS 329 analysis. This region was associated with DRW and DR%, explaining 3.20 and 2.79 of the 330 additive genetic variance, respectively. This SNP is a G>C nucleotide change with minor 331 allele (C) frequency of 0.42. The nucleotide change causes the amino acid substitution of 332 glutamine to histidine. The rs739508259 was associated with THW and TH% and had 333 significant additive and allele substitution effects for both traits. On average, for each C allele 334 in the animal's genotype, an increase of 5.12g was observed for THW and 0.24% for TH%, 335 compared to the GG genotype. The window on GGA-1 at 166 Mb also explained 0.20% and 336 0.14% of the additive genetic variance for THW and TH%, respectively. However, these 337 proportions were not enough to be considered significant (Additional File 1). Furthermore, it 338 is interesting to observe that SNP rs739508259 was not significantly associated with DRW 339 and DR% and this may be because we used a subset of 237 animals from the 1,408 animals 340 used in GWAS analysis or because the low number of animals used (237) in the association 341 analysis. Similar findings were also noted for other associated SNPs. 342
In mice VWA8 gene is highly expressed in skeletal muscle, has ATPase domains, 343 mitochondrial targeting sequences and is a mitochondrial protein (Luo et al. 2017 ). More 344 studies are necessary to relate this gene with muscle growth in chickens. 345
The predicted deleterious SNP rs736010549 is located in the WD repeat domain 77 346 (WDR77) gene. Furthermore, it is located within the GGA-26 at 3 Mb genomic window 347 identified in GWAS analysis, and this region was associated with breast weight (BRW) and The WD repeat domain 77 (WDR77) gene belongs to the WD repeat proteins that is 356 characterized by multiple protein interaction capacity (Friesen et al. 2001 ). The protein p44 357 (also named as methylosome protein 50, MEP50) coded by WDR77 and is an androgen 358 receptor (AR) coactivator by multiprotein complex formation (Hosohata et al. 2003) . In 359 humans, p44 was associated with inhibition of prostate cancer cell growth as coactivator of 360 AR (Zhou et al. 2006; Gu et al. 2011b ) and with breast cancer growth mediated through 361 estrogen and its receptor (Peng et al. 2010) . 362
Several studies showed the inhibitory action of androgenic steroids in chicken growth 363 AR was predicted to be an effective regulatory factor for DE genes in selected breed, 368 corroborating previously cited studies. Our results suggest that SNP rs736010549 alter the 369 conformation of p44, decreasing the AR activation and so contributing to growth in chickens. 370
The predicted deleterious rs313532967 is located in the bile acid receptor-like (BARL) 371 gene and within the GGA-26 at 3 Mb genomic window identified in GWAS analysis. This 372 region was associated with BTW and BT%, representing 0.53 and 0.86 of the additive genetic 373 variance respectively. This SNP is an A>G change, resulting in the amino acid change of 374 asparagine to serine, and the minor allele (G) frequency is 0.264. The HWE test was 375 significative, and this may be due to our finite population, or indicating that this locus may be 376 under selection or inbreeding. This SNP was associated with BTW and BT% and did not have 377 additive or dominant effects. Only five animals had GG genotype and this could help explain 378 the lack of additive and dominant effects. The SNP rs741234600 is located in synaptonemal complex protein 1 (SYCP1) gene 391 and within the GGA-26 at 3 Mb genomic window identified in GWAS analysis. This region 392 was associated with BTW and BT%, representing 0.53 and 0.86 of the additive genetic 393 variance respectively. In our study, this SNP was associated with BTW, BT%, THW and 394 TH%, and is an A>C nucleotide change, resulting in the amino acid substitution of lysine to 395 threonine, and the minor allele (C) frequency is 0.05. As the CC genotype (alternative 396 homozygous) was not present in the evaluated animals, only allele substitution effect was 397 performed. For each allele A, the animals had 0.46% more BT%, 10.09 g more THW and 398 0.45% more TH%. 399
The SNP rs737797683 is located in the cornulin (CRNN) gene, within the GGA-25 at 400 1 Mb genomic window identified in GWAS analysis. This region was associated with BT%, 401 BR% and ABF% representing 0.24, 0.24 and 0.23 of the additive genetic variance 402 respectively. This SNP was associated with BT% and TH%. This SNP is an G>C change, 403 resulting in the amino acid change of aspartic acid to histidine, and the minor allele (C) 404 frequency is 0.19. This polymorphism was significant for additive effect for BT% trait, 405 significant for dominance effect for TH%. 406
The SNP rs312325687 is located in the cryptochrome 4 (CRY4) gene and within the 407 GGA-26 at 1 Mb genomic window identified in GWAS analysis, previously associated with 408 ABFW and ABF%, representing 1.06 and 0.54 of the additive genetic variance respectively. 409
This SNP was associated with THW and TH% and is an A>G change, resulting in the amino 410 acid change of aspartic acid to glycine, being the minor allele (G) frequency equal to 0.36. 411
This polymorphism had significant additive and allele substitution effects for both traits. 412 SYCP1, CRNN, CRY4 were not selected as candidate genes for muscle growth or 413 carcass development in this study because there is no information available in the literature to 414 support this. More studies with these genes are necessary to understand their relationship with 415 carcass and muscle growth. 416
It is pertinent to note that although rs738655377 was not significantly associated with 417 any of the phenotypes tested, none of the animal were homozygous for the alternative allele, 418 and the HWE test was significant. This observation provides evidence for a lethal 419 
